This paper describes an outbreak of chytridiomycosis affecting a group of Dendrobates tinctorius, a Neotropical anuran species, confiscated from the illegal wildlife trade and housed in a private zoo in Brazil as part of an ex situ breeding program. We examined histological sections of the skin of 30 D. tinctorius and 20 Adelphobates galactonotus individuals. Twenty D. tinctorius (66.7%) and none of the A. galactonotus were positive for Batrachochytrium dendrobatidis (Bd). Multiple development stages of Bd infection were observed. The reasons for the interspecific difference in the rate of infection could not be determined, and further studies are advised. Because the examined population consisted of confiscated frogs, detailed epidemiological aspects could not be investigated, and the source of the fungus remains uncertain. The existence of ex situ amphibian populations is important for protecting species at higher risk in the wild, and ex situ amphibian conservation and breeding programs in Brazil may be established using confiscated frogs as founders. However, this paper alerts these programs to the urgency of strict quarantine procedures to prevent the introduction of potential pathogens, particularly Bd, into ex situ conservation programs.
INTRODUCTION
Dramatic declines among amphibian populations worldwide have occurred in recent decades (Stuart et al. 2004 ). Many causes have been suggested, including habitat loss, invasive species, overexploitation, climate change, environmental contaminants and infectious diseases (Gardner 2001 , Blaustein & Kiesecker 2002 , Stuart et al. 2004 ). Brazil has the world's greatest amphibian diversity with more than 860 species, most of which were described in the last 40 yr (SBH 2010) . There are few reports of amphibian population declines in Brazil, and most involve highaltitude species (Eterovick et al. 2005 . There are 116 Brazilian amphibian species in the International Union for Conservation of Nature (IUCN) Red List (IUCN 2008) , and the Brazilian government lists 16 species as threatened, 1 species as extinct and 90 species as data deficient (Haddad 2008) . There is insufficient information to evaluate the conservation status of more than 10% of the Brazilian amphibians and a general lack of information about the species that are either threatened or data deficient (Pistoni & Toledo 2010) .
Chytridiomycosis, which is caused by the chytrid fungus Batrachochytrium dendrobatidis (Bd) , is a devastating emerging infectious disease that infects a high diversity of amphibian species and is considered responsible for massive amphibian declines and extinctions. It has been reported in wild populations NOTE Batrachochytrium dendrobatidis in amphibians confiscated from illegal wildlife trade and used in an ex situ breeding program in Brazil in several regions throughout the world, including South America , Morehouse et al. 2003 , Lips et al. 2005 ). The first evidence of infection in wild frogs in Brazil was reported in Hylodes magalhaesi, a leptodactylid from the Atlantic Rain Forest . Later investigations revealed that Bd was broadly distributed in that biome, infecting another 5 species (Carnaval et al. 2006 , Toledo et al. 2006 ). It has also been described in farmed, captive Lithobates catesbeianus in Brazil (Schloegel et al. 2010) .
Bd is a member of the Phylum Chytridiomycota and the first chytrid fungus to be recognized as a parasite of the Phylum Vertebrata (Berger et al. 1998) . It infects keratinized cells in amphibians (the mouthparts of larvae and the epidermis of adults) and leads to hyperkeratosis (Pessier et al. 1999) . The pathogenesis of Bd is controversial; however, Voyles et al. (2009) demonstrated that electrolytic transport in the skin was inhibited by > 50%, plasma sodium and potassium concentrations were reduced, and asystolic cardiac arrest resulted in death in diseased green tree frogs Litorea caerulea. Because the skin is critical for amphibian homeostasis, disruption of cutaneous function may cause morbidity and mortality in a wide range of amphibians.
The diagnosis of Bd can be obtained through histopathological demonstration of the zoospore in the epidermis of infected anurans (Pessier et al. 1999) . Variable amounts of keratin may closely surround the organism (Berger et al. 2000) . The main histopathological change in the skin is mild to moderate hyperkeratosis. Irregular hyperplasia may be present, as well as mild focal necrosis of the epidermal cells. Occasional ulcerations can be seen and are generally associated with secondary bacterial infection. Inflammation is an inconsistent finding. There is extensive involvement of the ventral skin and toes (Pessier et al. 1999 , Berger et al. 2000 . Other Despite the threats to its rich amphibian diversity, Brazil has very few captive populations or ex situ conservation programs involving these vertebrates. This situation may change rapidly because several species are facing threats that cannot be solved solely with the in situ conservation strategies currently available. The existence of ex situ amphibian populations is important to protect species that are at higher risk in the wild until the threats can be reduced, and the establishment of captive breeding facilities is considered an important strategy for responding to the amphibian conservation crisis. In this scenario, zoological institutions may play an important role in preventing the spread of the disease throughout captive facilities as well as in disease surveillance, research, and captive breeding and reintroduction programs (Gascon et al. 2007 ). This paper describes an outbreak of chytridiomycosis affecting a group of Dendrobates tinctorius, a Neotropical anuran species, that originated from an illegal trade apprehension and were subsequently housed in a private zoo in Brazil. Implications for in situ and ex situ conservation programs are briefly discussed.
CASE REPORT
We examined formalin-fixed specimens of 30 Dendrobates tinctorius and 20 Adelphobates galactonotus that had died between 2005 and 2009 in a private zoo in São Paulo State, Brazil. Some animals died without previous clinical signs, while others presented progressive emaciation. The animals were received from local authorities after an illegal trade apprehension and were housed off-exhibit in the same room and in close proximity to each other in several glass vivaria. Additional information regarding shipment conditions was not available. Room temperature was maintained at approximately 25°C, and the relative humidity ranged from 60 to 80%. The vivaria had an expanded clay substrate with plants and coconut shells to provide shelter. The dead animals were fixed in 10% formalin and submitted for histo pathological examination at the Laboratório de Patologia Comparada de Animais Selvagens -Departamento de Patologia, Faculdade de Medicina Veterinária e Zootecnia -Universidade de São Paulo, Brazil. Skin sections from the digits of the front and rear limbs and from the lower abdomen were embedded in paraffin, cut into 5 μm sections, stained with hematoxylin and eosin (H & E) and then examined under light microscopy. Attempts to extract DNA for molecular diagnosis of Bd infection by conventional PCR were performed using the Invitrogen Pure Link Genomic DNA kit according to the manufacturer's recommendations. Complementary microbiological exams were not performed because the carcasses were already in formalin solution when they were received.
Twenty Dendrobates tinctorius (66.7%) and none of the Adelphobates galactonotus (0%) were positive for Bd based on histological diagnosis. Various development stages of Bd infection were observed within the stratum corneum, including zoosporangia with zoospores and empty zoosporangia with internal septation ( Fig. 1) . Hyperkeratosis was also observed, but no inflammatory response was seen in the epidermis or in the underlying dermis. Attempts to extract DNA were unsuccessful.
DISCUSSION
The Amphibian Conservation Action Plan (ACAP) states that the amphibian extinction crisis requires a global response from governments, corporations, civil society and the scientific community and reinforces the importance of establishing surviving and healthy ex situ populations to preserve the option to re-introduce species to their native habitat if needed (Gascon et al. 2007) . With the initiative and support of the Amphibian Ark (www.amphibianark.org), attempts have been made to improve and stimulate amphibian ex situ conservation in Brazil in recent years. Infectious diseases, such as chytridiomycosis, have become an important factor for amphibian conservation and must be seriously considered in captive breeding and reintroduction programs. Facilities maintaining captive amphibians should be responsible for implementing infectious disease surveillance and control measures to prevent the introduction of pathogens to native locations or populations (Pessier & Mendelson 2010) . In fact, a situation was recently reported in a re-introduction program for the Mallorcan midwife toad Alytes muletensis, in which a Bd infection had not been detected in the ex situ population, and the fungus was accidentally introduced to the wild population (Walker et al. 2008) . Situations like this reinforce the need to strictly follow the IUCN guidelines for captive breeding and reintroduction projects (IUCN 1998 ).
In Brazil, Bd has already been identified in asymptomatic captive North American bullfrogs Lithobates catesbeianus, with an overall prevalence of 78.5%. Recent studies showed a marked similarity in Latin American Bd isolates from captive bullfrogs, wild bullfrogs and wild native frogs. This similarity suggests that there is or has been transmission among populations and/or that the infections came from a common source (Schloegel et al. 2010) .
The findings reported herein provide evidence that Bd is also present in captive zoo populations of anuran amphibians in Brazil and indicates the urgent need to implement strict biosecurity measures in such facilities. After the disease was identified in the studied amphibian collection, biosecurity measures, such as rigorous quarantine, testing and husbandry practices, were strongly recommended (Pessier & Mendelson 2010) , and medical treatment was indicated for the remaining animals (0.01% itraconazole in 0.6% saline solution, in 5 min baths for 11 consecutive days, as recommended by Forzán et al. 2008 and Pessier & Mendelson 2010) . Apparently, after the treatment, there was a decrease in the mortality rate, but unfortunately, no complementary data regarding the efficacy of the medical treatment were available.
The examined population consisted of confiscated animals originating from the illegal wildlife trade, and therefore, the source of the fungus remains uncertain. According to Brazilian environmental regulations, confiscated animals may be used as founders for conservation-oriented captive populations. Because ecological, sanitary and epidemiological data on confiscated animals is scarce, our results emphasize that the use of apprehended specimens to establish captive populations requires the implementation of strict quarantine procedures. The available information on Bd suggests that the current fungus distribution was caused by the movement of infected specimens from a yet unidentified source population in the early half of the 20th century ). In this scenario, legal and/or illegal wildlife trade may be an important route for pathogen spread. Although habitat loss is the main conservation threat to amphibians in Brazil, illegal trade in wildlife originating in Brazil is estimated to account for 10 to 15% of the worldwide illegal wildlife commerce, and there is little information on the status of amphibians within this trade in Brazil (Pistoni & Toledo 2010) . Amphibians are among the easiest vertebrates to smuggle in large numbers ). It is believed that this illegal practice has contributed to the international spread of amphibian pathogens, notably Bd, which, together with ranaviruses, has been considered by the World Organization for Animal Health (OIE) to be a pathogen of particular importance in the international trade of amphibians (Kriger & Hero 2009 , Schloegel et al. 2010 ). The amphibian trade may increase the geographic distribution of the pathogen to regions that are currently free of Bd and may introduce new strains of the fungus, as previous studies have illustrated important differences in the pathogenicity among isolates (Berger et al. 2005 , Retallick & Miera 2007 . In this study, despite the fact that both species were housed in the same room and no specific measures were taken to prevent pathogen dissemination, Bd was reported to affect 66.7% of the Dendrobates tinctorius specimens but none of the Adelphobates galactonotus specimens. Reasons for the difference in Bd infection between the 2 species could not be determined, and further studies are advised. However, a broad range of possible mechanisms may be involved, including differences in host defenses, such as secretions of antimicrobial peptides or bacterial commensals with anti-fungal properties (Blaustein et al. 2005 , Rollins-Smith & Conlon 2005 , Harris et al. 2006 , Woodhams et al. 2006 , Chinnadurai et al. 2009 , and/or the number or strain of infecting zoospores with potentially varying contact rates .
Another possibility is the low sensitivity of the diagnostic method used. Histopathology of skin is an adequate diagnostic method for moderate to massive Bd infection; however, it is not sensitive enough to reliably detect a subclinical infection (Pessier 2008) . The available data do not allow the exclusion of the possibility that mild Bd infection in Adelphobates galactonotus was undiagnosed. According to Olsen et al. (2004) , the occurrence of false-negative microscopic diagnosis in affected animals can occur when Bd zoosporangia are shed with the superficial keratin layers. While we cannot be entirely certain this was not the case for the examined A. galactonotus, we consider it to be highly unlikely because the keratin was well preserved in most of the examined skin samples, and no zoosporangia were observed. Molecular assays, particularly real-time PCR performed on DNA collected by swabbing the ventral body, are considered the most sensitive and broadly recommended diagnostic method. Unfortunately, in this case, the attempts to extract DNA for molecular testing were unsuccessful, probably because the carcasses had been kept in formalin for at least 1 yr.
In this paper, we described chytridiomycosis affecting Dendrobates tinctorius confiscated from the illegal trade and kept in a private zoo in Brazil. Considering that amphibian ex situ conservation and breeding programs in Brazil may be established using confiscated animals as founders, this paper alerts these programs to the urgency of strict quarantine procedures to prevent the introduction of potential pathogens, particularly Bd, as well as to the threat that the wildlife trade can cause by spreading the disease. 
